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The Current Distribution on Resistive Linear Antennas

By W.H. Schoendorf

Introduction

The purpose of this work is to determine the effect of resistive
losses on the current distribution of long, thin cylindrical antennas. .
The first section of this report describes a conputational technique

for obtaining the current on a thin antenna.

Section II presents the results obtained for a 1 1/2 and a 3 wave-
length antenna. These calculations were performed for a variety of source
positions and for perfectly conducting and uniform lossy wires. The
resistance per unit length of these imperfectly conducting wires was
taken as 0.08565 bhms/meter. This choice was made in order to accentu-
ate the effects of antenna losses and is larger than the value which
will be encountered in the KWOT structure.

The final section describes an approximation to the current dis-

tridbution which allows the resistive losses to be es%imated and then

' extended to antennas longer than those considered in this work.

I, Computgtional Technique

The current distribution, I(x), on a thin perfectly conducting or

resistive antenna is described by the Fredholm equation shown below
Lz

§ 1) ’Gxy) a5 = gl (1)
-

The kernal, K(x,y) is dependent on the antenna geometry, g(x) is the
appropriate forcing function, and the antenna extends from x = L; to
X = Ly. In the case of a thin cylindrical antenna of circular cross

section the kernal may be written as

e A (2)
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where a is the antenna radius, Z is the internal impedance per unit

int
length of the antenna and an P time dependence has been assumed.
The numerical solution of equation (1) is accomplished by trans-
A
forming the kernel K(x,y) into one, K(xo,y) , which closely approximates
a delta function. This is performed by multiplying both sides of (1)
by T(xo,x) and integrating the resulting expression over the variable x.

The transformed current equation then appears as
L

2 A ,
[ 16 Reepy) o =30,) 3)
L
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where L2
Rl = [ Tl x6on) e (1)
T
and L2 _
) = j; Tlx,,x) 80) dx . )
1

If the transformed kernel, Ilz(x o,x), is a good approximation to a delta
function, B(xo-y), then equation (3) is solved by inspection. The pro-
blem reduces to determining the function T(x _,x) which when introduced
into (4), will give the desired resulc.(l‘) :‘his may be accomplished
by writing T(xo,x) as
N
Tlgx) = ) AG) ¥y, - ®

n=l

where the Wn(x) are a chosen set of functions and the coefficients An(xo)
A

are determined by constraining the integral of K(xo,y) to be unity over

a small region surrounding the point y = X and by minimizing the mean

A
square value of K(xo,y) outside this region.

The computations presented below were obtained by choosing the Wn(x)
to;be a set of adjacent rectangular pulses extending over the entire

antenna from x = th:o X = L2

Wn(x) =1 xn <\x < xn+1

/

W_(x) =0 otherwise 1)
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and

(n"l) (L2 -L )

xn= NrA“_) (8)

where N is the total number of pulses employed. The source is a one
volt, one megacycle slice generator, positioned as indicated in the

figures.

II. Numerical Results

Figures 1 through 3 display the current distribution and phase on
a perfectly conducting 1 1/2 wavelength antenna with feed points posi-
tioned at L/2, L/4 and L/8 respectively. These results are similar to
those obtained by a conventional point matching technique, @) and were
used to evaluate the accuracy of the present method. The traveling Qéve
behavior of the antenna becomes evident in figure 3 as the souce is shifted
toward one end of the antenna. An investigation of the effect of internal
antenna resistance is the major objective of this work. Figure L4 shows the
current and phase distribution on a resistive 1 1/2 wavelength antenna with
the source located at x = L/8. The internal resistance, R 18 taken as
0.08565 ohms/meter for reasons described earlier. It is seen that the cur-
rent phase distribution is the same as in the perfectly conducting case and
that the locations of the maxima and minima of the current amplitude remain
the same. A comparison of the magnitude of the current distribution in both
the resistive and perfectly conducting case is shown in figure 5. The cur-
rent minima are not affected by the addition of uniform losses on the antenna,

while the maxima are reduced.

Computations were performed on a 3 wavelength antenna in order to
determine if this behavior varies when the antenna length is increased.
Figures 6 and 7 show this structure excited at x = L/k for the perfectly
conducting and the resistive case., The traveling wave behavior of the
antenna is again in evidence in these two plots. The phase distribution
is unaffected by the addition of uniform losses on the antenna and figure 8
indicates that the minima and maxima of the current amplitude behave in the

same manner as in the 1 1/2 wavelength case.

II11. Approximation of Uniform Losses on Thin Cylindrical Antennas

Since the primary objective of this work is to investigate the effect
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of resistive losses on thin wire antennas, a study of the reduction of
the maxima of the current amplitudes was performed. It was found that an
expression for the current distribution of the form

I(x) = Aeiw(x-xs) + Be-‘iw(x-xs) + cel¥ Ix-xs | , (9)

where xg is the source position and w is given by

wek+iQ (10)

gave a good approximation for the positions of the current minima and
maxima. The coefficients A, B and C were determined by requiring that
the current be zero at the endpoints of the antenna and that there be
one volt across the source. This latter condition was applied by pre-
scribing the input impedance of the antenna. It was found that the real
part of the input resistance had to be slightly higher than the computed
values in order to match the current maxima. This is due to the fact that
equation (9) does not account for the decrease in current due to radiation
losses, as the attenuation constant, &, is used solely to represent losses
due to antenna resistance and was chosen from uniform transmission line
theory to be |

R

int -
a.—é-i-tl—- ’ (11)
0

Zo being the free space impedance.

Figures 9 and 10 show the current magnitude predicted by equation (9)
for the 1 1/2 and 3 wavelength antennas. It is seen from these figures that
this value of & results in a good approximation of the current reduction
due to resistive losses. The maxima and minima of the current distribution
occur in the correct locations on the antenna and the current maxima are
very close to the computed values. The value of the current maxima for
the resistive antenna in this approximation, may be closely determined by
multiplying the current maxima in the perfectly conducting case by e-aL.
This operation must be performed in conjunction with increasing the real
part of the input impedance by a factor of egm. It was found that the
ratio of the two maxima was very insensitive to the original input imped-
ance chosen foi the perfectly conducting case. Thus, the reduction of the
current peaks due to resistive losses could be determined without an accurate

description of the current in the perfectly conducting case.




The reduction of the current peaks in the case of the computed
currents shown in figures 5 and 8 was also given very accurately by
the ede factor. The largest deviation from the computed value was 5.5%.
This agreement indicates the possibility of using equations (9) and (11)
to estimate the effect of uniform resistive losses on antennas longer
than those treated in this work.

This was done in the case of a 12 wavelength antenna and the behavior
noted abovawas again in evidence. The current peaks were decreased by
a factor of e-aL = 0.81, and the positions peaks and nulls, and magni~-

tude of the nulls were unaffected by the addition of losses.

Since the resistance of 0.08565 ohms/meter is much larger than the
value which will be encountered in the KWOT antenna, it appears that
the problem of resistive losses will not seriously affect the antenna
operation.

WHS :xde
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